Six chiral phosphorus compounds were synthesized by the reaction of (-)-a-phenylethylamine, Lprolinol, (S)-binaphthol, and ^-(-)-ephednne with various phosphoryl reagents respectively, and used in the asymmetric addition of aromatic aldehydes with diethylzinc as catalyst. The corresponding aromatic secalcohols were obtained in good chemical yield with enantiometric excesses varing from low to moderate .
INTRODUCTION
The addition of dialkylzinc to aldehyde is one of the most valuable reactions in C-C bond formation and has attracted much attention in asymmetric synthesis. The asymmetric addition to aldehydes can be catalyzed not only by organometallic complex reagents but also by non-metallic organic reagents, namely, ligand-catalysts. At present, the li^and-catalysts reported were the aminoalcohols , aminothiols 2 , diols 3 , sulfonamides' 1 and phosphoramidse 5 . Soai et al. 5 synthesized phosphoramides and thiophosphoramides, which exhibit obvious catalytic activity and enantioselectivity in the addition of diethylzinc to aromatic aldehydes. Hülst et al. 6 also found phosphoramide derivatives of aminothiol to have better catalytic activity. Buono et al 7 prepared a new chiral o-hydroxyaryldiazaphosphoramide, which had excellent catalytic activity and enantioselectivity in the addition of some aromatic aldehydes to diethylzinc.
In this paper, several new phosphate esters and phosphoramides possessing hydroxy of alcohol or phenol function as well as a cyclophosphoramide one were prepared and their catalytic activity in the addition of aromatic aldehydes to diethylzinc was discussed.
MATERIALS AND METHODS
'H NMR and 31 P NMR were recorded in CDC1 3 as solvent on an AC-P200 instrument using TMS as internal standard and 85% H3PO4 as external standard respectively. Elemental analyses were conducted on an MF-3 automatic analyzer. Melting points were determined on an MP-500 melting point apparatus. Optical rotations were measured on a Perkin-Elmer 24IMC Polarimeter. All temperatures were uncorrected.
Preparation of compound 1
To a mixture of (-)-N,N'-di-(a-phenylethyl)-l,2-ethyldiamine (2.68g, lOmmol), Et 3 N (2.42g, 24mmol) and CH 2 C1 2 (40ml), O-phenyl phosphorodichloridate (2.1 lg, lOmmol) was added dropwise with stirring at 0°C. The reaction mixture was stirred for 24h at room temperature, then adjusted to PH=7 with 2N aqueous NaOH, washed with distilled water and saturated aqueous NaCl, dried over anhydrous magnesium sulfate. After removal of the solvent, the residue was purified by VLC on silica gel (200-300 mesh, petroleum ether/EtOAc as eluent) to afford a white thick liquid 1 3.25g.
Preparation of compound 2
A solution of n-BuLi (20mmol, 1M in hexane) was added to a cold (-78°C) solution of the phosphoramide 1 (4.06g, lOmmol) in THF (60ml) under N 2 atmosphere. After 15 min, the, cold bath was removed and the mixture was partitioned between CH 2 C1 2 (150ml) and saturated aqueous NH 4 C1 (30ml). The organic layer was dried over anhydrous sodium sulfate and evaporated to give an oil. The product was purified by VLC on silica gel (2Ö0-300 mesh, petroleum ether/acetone as eluent) to afford compound 2 165g.
Preparation of compound 3
To a mixture of (S)-binaphthol (0.72g, 2.5mmol), Ο,Ο-diethyl phosphorochlondate (0.43g, 2.5mmol) and CH2CI2 (30ml), Et 3 N (0.25g, 2.5mmol) was added dropwise with stirring at 0°C. The reaction mixture was stirred for 24h at room temperature, washed with distilled water and saturated aqueous NaCl. The organic layer was dried over anhydrous magnesium sulfate. After removal of the solvent, the crude product was recrystallized from EtOAc to afford product 3 0.86g.
Preparation of compound 4
To a mixture of (S)-binaphthol (1.43g, 5mmol), Ο,Ο-diethyl thiophosphorochloridate (1.88g, lOmmol) and CH2CI2 (60ml), Et 3 N (l.Olg, lOmmol) was added dropwise with stirring at 0°C. The reaction mixture was
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stirred for 24h at room temperature, washed with distilled water and saturated aqueous NaCl. The organic layer was dried over anhydrous magnesium sulfate. After removal of the solvent, the residue was purified by VLC on silica gel (200-300 mesh, petroleum ether/EtOAc as eluent) to afford product 4 1,65g.
Preparation of compound 5
Ο,Ο-Diethyl thiophosphorochloridate (0.94g, 5mmol) was added to a solution of tJ>-(-)-ephedrine (0.83g, 5mmol) and Et 3 N (1.52g, 15mmol) in toluene (5ml) at -30°C. After stirring for 15min at -30T, 10% aq. citric acid was added. The mixture was extracted with CH 2 C1 2 and the extract was dried over anhydrous sodium sulfate. After removal of the solvent, the residue was purified by VLC on silica gel (200-300 mesh, petroleum ether/EtOAc as eluent) to afford product 5 1.18g. Preparation of compound 6 To a mixture of L-prolinol (1.01g, lOmmol), Et 3 N (1.01g, lOmmol) and toluene (15ml), a solution of Ν,Ν-diethyl O-phenyl phosphorochloridate (2.48g, lOmmol) in toluene (15ml) was added dropwise with stirring at room temperature. After 4h, the reaction mixture was filtered. After removal of solvent, the residue was purified by VLC on silica gel (200-300 mesh, petroleum ether/EtOAc as eluent) to afford product 6 129g. General procedure for asymmetric addition of diethylzinc to benzaldehyde (Table 3 , entry 1)
In a 25mL three necked flask was successively introduced under nitrogen atmosphere at 20°C catalyst 3 (85mg, 0.2mmol) in 6ml toluene, benzaldehyde (212mg, 2mmol) and 2 equiv. of Et 2 Zn (1.1M in toluene solution). The reaction mixture was stirred for 48 hrs. then the reaction was quenched with 2N hydrochloric acid, the aqueous layer was extracted with diethyl ether. The combined organic layers were dried over anhydrous sodium sulfate. After removal of the solvent, the residue was purified by VLC on silica gel (200-300 mesh, petroleum ether/EtOAc as eluent) to give 1-phenyl-propan-l-ol 162mg.
RESULTS AND DISCUSSION
The synthesis of chiral phosphorus reagents As described previously in the literature 8 , (-)-N,N'-di-(a-phenylethyl)-l,2-ethyldiamine was obtained from 1,2-dibromoethane with (-)-a-phenylethylamine, then reacted with O-phenyl-phosphorodichloridate to give compound 1. The treatment of 1 with n-BuLi gave compound 2. Compounds 3 and 4 were prepared in good yield from (S)-binaphthol with Ο,Ο-diethyl phosphorochloridate or Ο,Ο-diethyl thiophosphorochloridate respectively. N-phosphorylated product 5 was prepared from Ο,Ο-diethyl thiophosphorochloridate with (-)-ephedrine at low temperature. Ν,Ν-diethyl O-phenyl phosphorochloridate reacted with L-prolinol to give N-phosphorylated product 6, but the isolated yield was low. The data of prepared chiral phosphorus compounds 1-6 is listed in From the results we found that under the given conditions the phosphorus reagents didn't give good enantioselectivity. The best results were obtained from catalyst 2, 3 and 4, which were the phosphate of (S)-binaphthol or phosphoramide with a hydroxy of phenol. When Ti(o-'Pr) 4 was added in the reaction, the enantioselectivity decreased but the yield increased. This was in contrast to the results of Soai, who found higher enantioselectivity could be obtained when Ti(o-'Pr) 4 was added 5 .
We selected catalyst 3 for further research by the changing of reaction solvent, temperature, substrate and the amounts of catalyst. The catalytic activity of catalyst 3 was discussed and the results were listed in table 3.
The results indicated that the yield increased while the enantioselectivity decreased a little, when the reaction temperature rose from 20°C to 100°C; The yield and enantioselectivity increased a little when the amounts of catalyst was increased. When the substrates were substituted aromatic aldehydes, different results 
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